Abstract. Stratospheric mixing ratios of CH3D from 100 mb to 17mb (=15 to 28 km) and HDO from 100 mb to 10 mb (=15 to 32 km) have been inferred from high resolution solar occultation infrared spectra from the Atmospheric Trace MOlecule Spectroscopy (ATMOS) Fourier-transform interferometer. The spectra, taken on board the Space Shuttle during the Spacelab 3 and ATLAS-l,-2, and -3 missions, extend in latitude from 70øS to 65øN. We find CH3D entering the stratosphere at an average mixing ratio of (9.9_+0.8)x10 -lø with a D/H ratio in methane (7.1_+7.4)% less than that in Standard Mean Ocean Water (SMOW) (1 • combined precision and systematic error). In the mid to lower stratosphere, the average lifetime of CH3D is found to be (1.19_+0.02) times that of CH 4, resulting in an increasing D/H ratio in methane as air "ages" and the methane mixing ratio decreases. We find an average of (1. 
Introduction

In the stratosphere, H20 is created primarily by oxidation of CH 4 and H 2 by OH, CI and O(lD)
We address these questions using spectroscopic measurements of stratospheric CH3D and HDO mixing ratios using data from the ATMOS instrument. ATMOS, described in detail by Farmer et [1991] with data from the Spacelab 3 mission; however, their report did not relate changes in the CH3D mixing ratio to those in HDO. With the combined Spacelab 3 and ATLAS-1,-2, and -3 missions, a much broader latitudinal coverage and many more vertical mixing ratio profiles were obtained, allowing characterization of the CH3D and HDO budget on a more global basis. An important addition to previous reports is measurement of CH3D inside the Arctic and Antarctic vortices. Above 28 km, the molecular density of CH3D is normally too low to gain an adequate spectral absorption signal with the ATMOS instrument. However, the descent of upper stratospheric air to altitudes below 28 km inside the vortices [Abrams et al., this issue a,b] allows measurement of CH3D in "old" air that would be otherwise impossible to measure. As stratospheric dehydration is not the focus of this letter, we do not report measurements of HDO inside the polar vortices. Analyses are continuing on these vortex HDO measurements, and they will be the focus of an upcoming paper.
In this paper, the delta notation is used to describe isotopic fractionation as the difference in parts per thousand of an isotopically labelled species with respect to a standard, e.g., 2000 cm -1) and 9 (600-2450 cm-l), while CH3D could only be observed in filter 3 (1580 -3400 cm-l). However, CH4 can be analyzed in all of these filters and, with a correlation of CH3D to CH 4 in filter 3, we are able infer the mixing ratio of CH3D in filters 2 and 9 from CH 4 mixing ratios. At polar latitudes, determination as to whether a CH3D measurement was inside or outside the vortex was based on visual inspection of co-located mixing ratio profiles of CH 4 and N20, as these gases show markedly smaller mixing ratios inside the vortex than outside at similar altitudes (see Abrams et al., this issue a,b). "Vortex edge" observations were not used. CH3D results are presented from tangent pressures of 100 mb to 17 mb, and HDO results are from 100 mb to 10 mb. Before final analyses, data were filtered by rejecting any observations with an estimated random error greater than 30% for CH3D and HDO, or l0 % for CH 4. This step eliminated about 16% of the filter 3 CH3D data and about 19% of the filter 2 and 9 HDO data. Systematic biases, mostly from errors in line intensities, are estimated to be 7% for CH3D, 6% for HDO, and 5% for CH4 (see Abrams et al., this issue, c).
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CH3D measurement and the D/H ratio in methane
Rate constants for reactions of OH or C1 with CH3D are lower than those forCH4 [DeMore etal., 1994; Wallington and Hurley, 1992], but any isotope effect between the rate constants of the excited O(ID) + CH3D and that of O(ID) + CH 4 is expected to be relatively minor [Kaye, 1987] 
or: F'I 12øN, O 15øN-30øN, • 30øN-50øN . Figure 2 is a scatter plot of the HDO mixing ratio in filters 2 and 9 versus this derived CH3D mixing ratio. We calculate dz(HDO)/dz(CH3D) by a least-squares straight line fit to data where CH 4 mixing ratios were less than 1.4x 10 -6 to avoid seasonal effects in HDO in the lower stratosphere. The calculated slope,-(1.0_+0.1) (lo combined precision and systematic error), indicates that HDO production is in near balance with CH3D destruction. The error in the slope constrains the production of HD to be _+0.1 molecules HD created for each CH3D molecule destroyed; however, as only about 10% of stratospheric deuterium is in HD, significant changes in the HD mixing ratio are still possible within this error. Large effects may also occur in the D/H ratio of stratospheric molecular hydrogen, but this would also be dependent on even minor changes in the H 2 mixing ratio due to H 2 photolysis or CH 4 oxidation (see, for example, Desder et al. [1994] ). The results in this report provide constraints for changes in HD below about 10 mb. To illustrate this, we assume a constant H2 mixing ratio of 0.5x10 -6 and a fid in hydrogen entering the stratosphere of +(70+_30)%o [Friedman and Scholz, 1974] , which gives an initial HD mixing ratio of (1.67_+0.05)x 10 -10. Assuming that CH3 D enters the stratosphere at a mixing ratio of 9.9x 10 -10, then results here indicate that for each 1% decrease in the CH3D mixing ratio, the percentage change in the HD mixing ratio from its tropospheric value is constrained to be _+0.6% and the change in $D in molecular hydrogen can be constrained to +6%o (1 o).
Conclusions
We have analyzed ATMOS spectra for mid to lower stratospheric HDO and CH3D mixing ratios. The average D/H ratio in methane entering the stratosphere was found to be -(71+74)%o, but as the lifetime for CH3D is greater than that of CH4 bya factor of (1.19_+0.02), this D/H ratio increases as methane becomes oxidized. Stratospheric production of HDO is (1.•.l) times that of CH3D loss, and assuming reuterareal species other than HDO, CH3D and HD are in negligible abundance, changes in HD abundance are thus constrained to be _+0.1 molecules HD per molecule CH3D destroyed (lo combined precision and systematic error). To better understand these phenomena, research is warranted into the partitioning of deuterium in CH3D destruction products (including a comparison of the photolysis rates of CHDO vs that of CH20), and direct stratospheric measurements of the HD mixing ratio.
